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@ Optical pickup. 



@ An optical pickup includes : a laser diode (20) 
for emitting p-polarized light, the laser diode 
having unit (21, 22, 25) for controlling output 
power of the p-polarized light by detecting 
power of the emitted light in front thereof; a 
photodetector (24) for receiving a laser light 
and outputting a signal corresponding to quan- 
tity of the laser light received ; a polarization 
prism (25) for transmitting and guiding the emit- 
ted light to an optical disc (2) on which infor- 
mation Is recorded by applying heat thereon, 
and for reflecting and guiding at least a portion 
of the light reflected by the optical disc to the 
photodetector. The optical pickup substantially 
satisfies the following conditions : 

60 [%] ^ Tp ^ 90 [%], 

14 [%] ^ Rs [%]. 

Rp = 100 - Tp t%]. and 

Ts = 100 - Rs. 
wherein p-polarized light transmittance of the 
polarization prism is Tp [%], s-polarized light 
transmittance of the polarization prism is Ts 
(%], p-polarized light reflectance of the polari- 
zation prism is Rp [%] and s-polarized light 
reflectance of the polarization prism is Rs [%]. 
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This invention relates to an Infornnation reproducing apparatus, and more particularty to an optical pickup 
for reproducing recorded Information from an optical disc on which Information is recorded by applying heat 
thereon. 

There are known optical pickups utilizing non-polarizing optical system and completely polarizing optical 
5 system. An optical system of optical pickup utilizing non-polarizing optical system is shown In FIG. 1. An optical 
pickup utilizing non-polarizing optical system generally satisfies the following conditions: 

Tp = Ts, 
Rp = Rs, and 
Tp = 100 - Rp[%](Ts = 100 - Rs[%]), 
10 wherein Tp [%] represents transmlttance of polarization prism for p-polarized light, Ts [%] represents trans- 
mittance of polarization prism for s-polarized light, Rp [%] represents reflectance of polarization prism for p- 
polarized light, and Rs [%] represents reflectance of polarization prism for s-poIarized light. 

An optical system of optica! pickup utilizing completely polarizing optical system Is shown in FIGS. 2A and 
2B. FIG. 2A illustrates a case where optical disc has no double refraction, and FIG. 2C illustrates a case where 
15 optical disc has double refraction whose phase contrast is 60 [deg]. An optical pickup utilizing non-polarizing 
optical system generally satisfies the following conditions: 

Tp = 100 [%]. 
Rs = 100 [%], 
Ts = 0 [%], and 

20 Rp = 0 [%]. 

As illustrated in FIG. 2A, when optical disc has no double refraction, a light incident upon photodetector includes 
1 00% of reflected light of s- polarization and 0% of reflected light of p-polarlzation. Namely, substantially 1 00% 
of light emitted by laser diode is incident upon the photodetector. In contrast, as illustrated in FIG. 2B, when 
optical disc has double refraction whose phase contrast is 60 [deg], a light incident upon photodetector includes 

25 75% of reflected light of s- polarization (see. FIG. 8), and 25% of light returns to the laser dtode. FIG. 2C illus- 
trates quantity of light incident upon photodetector utilizing envelop of RF signal detected. 

The optical pickup utilizing non-polarizing optical system has such an advantage that It is not affected by 
double refraction of material constituting the optical disc. However, the optical disc utilizing non-polarizing opt- 
ical system has such disadvantages that laser diode becomes noisy because large quantity of light returns 

30 thereto, and that light quantity of light Incident upon photodetector is small. Particularly, a high-output laser 
diode is more largely affected by the return light than a low-output laser diode for reproductton only, because 
the high-output laser diode has small end-face reflectance so as to increase the output power. Further, in a 
case of optical discs requiring high recording power, such as LDR (Laser Disc Recordable), in which disc is 
rotated at high speed although reflectance is set relatively low (approximately 40 [%]) for decreasing recording 

35 power, It is necessary to ensure high efficiency of optical pickup and to increase incident light quantity of pho- 
todetector at the same time. Therefore, It is difficult to apply an optical pickup utilizing non-polarizing optical 
system to such optical discs. 

On the other hand, an optica! pickup utilizing completely polarizing optical system has such an advantage 
that laser diode is less noisy and large quantity of light Is incident upon photodetector because all of light from 

40 the optical disc is reflected to the photodetector by the polarization prism. However, optical pickup utilizing com- 
pletely polarizing optical system has such an disadvantage that it is affected by double refraction of material 
constituting the optical disc. More specifically, light emitted by the laser diode includes 100% of p-polarized 
light and. if the optical disc has no double refraction, the light is irradiated on the optical disc after passing 
through the 1/4-wave plate, is reflected by the optical disc and is changed to 100% s-polarized light by again 

46 passing through the 1/4-wave plate. As a result, all component of light reflected by the optical disc is reflected 
by the polarization prism to the photodetector side. In contrast, when the optical disc has double refraction, 
light reflected by the optical disc becomes elliptically polarized light, and the p-polarization component of which 
returns to the photodetector after passing through the polarization prism. As a result, noise of the laser diode 
increases and light quantity incident to the photodetector decreases. 

50 Further, in actuality, EIAJ standard of Laser Disc prescribes that phase contrast of refracted lights by dou- 

ble refraction due to optical disc material should be no more than 40 [deg], and Red Book standardizing format 
of Compact Disc prescribes that phase contrast of refracted lights by double refraction due to optical disc ma- 
terial should be no more than 46 [deg]. Under these conditions, optical pickup utilizing completely polarizing 
optical system raises the above mentioned problems. As described above, optical pickups of non-polarizing 

55 type and completely polarizing type have both merits and demerits, respectively, and either of them is selec- 
tively used to make the best use of its merits. 

As an optical pickup for use in recording is required to satisfy both merits of the above-described pickups 
of two types, however, a conventional optical pickup does not meet this requirement In this view, it is conceiv- 
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able to increase efficiency of pickup for ensuring enough laser power for recording, and to Increase laser power 
to compensate for lack of light quantity incident to the photodetector in reproduction. However, a recordable 
optical disc such as LDR has limit in reproduction laser power and, when the laser power is too high, recorded 
information may be destroyed. Therefore, such an optical pickup cannot be used for recording. 
5 It is an object of the present invention to provide an optical pickup which has less noise in laser diode and 

is capable of supplying large quantity of light to photodetector without destroying recorded information, thereby 
stabilizing information reproduction. 

According to one aspect of the present invention, there is provided an optical pickup including: a laser diode 
for emitting p-polarized light, the laser diode having unit for controlling output power of the p-polarized light by 
10 detecting power of the emitted light In front thereof; a photodetector for receiving a laser light and outputting 
a signal corresponding to quantity of the laser light received; a polarization prism for transmitting and guiding 
the emitted light to an optical disc on which informatton is recorded by applying heat thereon, and for reflecting 
and guiding at least a portion of the light reflected by the optical disc to the photodetector. The optical pickup 
substantially satisfies the following conditions: 
15 ((RPmin/LDPmax) / OPloss) x 1 00 ^ Tp [%], 

(LPmon/LDP) X 100^Rp[%], 
(PPmin/(PPmax X Ra)) x 100^Rs[%l, 
Rp = 100 - Tp[%].and 
Ts = 100 - Rs. 

20 wherein p-polarized light transmlttance of the polarization prism is Tp [%], s-polarized light transmittance of 
the polarization prism is Ts [%], p-polarized light reflectance of the polarization prism is Rp [%], s-polarized 
light reflectance of the polarization prism is Rs [%], maximum output power of the laser diode is LDPmax [mW], 
minimum recording power of the optical disc is RPmin [mW], estimated loss factor of optical system of the optical 
pickup is OPloss. J»ght quantity detected by the output power control unit is LPmon [mW], normal output power 
25 of the laser diode is LDP [mW], maximum power of light irradiated on the optical disc during reproduction is 
PPmax ImW], reflectance of the optical disc is Ra [%1 and minimum, power of light irradiated on the optical disc 
during reproduction is PPmin [mW], 

According to another aspect of the present invention, there is provided an optical pickup including: a laser 
diode for emitting p-polarized light, the laser diode having unit for controlling output power of the p-polarized 
30 light by detecting power of the emitted light in front thereof; a photodetector for receiving a laser light and out- 
putting a signal corresponding to quantity of the laser light received; a polarization prism for transmitting and 
guiding the emitted light to an optical disc on which information is recorded by applying heat thereon, and for 
reflecting and guiding at least a portion of the light reflected by the optical disc to the photodetector. The optical 
pickup substantially satisfies the following conditions: 
35 60 [%] ^ Tp ^ 90 t%], 

14 [%] ^ Rs [%], 
Rp = 100 - Tp[%], and 
Ts = 100 - Rs, 

wherein p-polarized light transmittance of the polarization prism is Tp [%], s-polarized light transmlttance of 
40 the polarization prism is Ts [%], p-polarized light reflectance of the polarizatton prism is Rp [%] and s-polarized 
light reflectance of the polarization prism is Rs [%]. 

The nature, utility, and further features of this invention will be more clearly apparent from the follownng 
detailed description with respect to preferred embodiment of the invention when read in conjunction with the 
accompanying drawings briefly described below. 
45 In the drawings: 

FIG. 1 is a diagram illustrating an operation of optical pickup utilizing non-polarized optical system; 

FIGS. 2A and 2B are diagrams illustrating operations of optical pickup utilizing completely polarizing optical 

system; 

FIG. 2C is a diagram illustrating an envelop of RF signal detected by photodetector; 
50 FIG. 3 Is a block diagram illustrating a constructton of optical disc reproducing apparatus according to the 

present invention; 

FIG. 4 is a diagram illustrating an optical system of optical pickup shown in FIG. 3; 

FIG. 5 is a graph Illustrating a relationship between quantity of light incident on photodetector and S/N 

ratio; 

55 FIG. 6 is a graph illustrating levels of various noises generated in an optical disc system; 

FIG. 7 is a graph illustrating quantities of lights received by photodetector and returning to laser dtode; 
FIG. 8 Is a partially-enlarged view of FIG. 7 

FIG. 9 is a graph illustrating variation of light quantity received by photodetector according to variation of 
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efficiency of PBS; 

FIG. 10 is a graph illustrating variation of light quantity returning to laser diode according to variation of 
efficiency of PBS; 

FIGS. 11Aand 11B are diagrams illustrating operations of optical pickup according to the present invention; 
5 and 

FIG. 11 C is a graph illustrating an envelop of RF signal detected by photodetector. 
A preferred embodiment of the present invention will be described below with reference to the accompa- 
nying drawings. 

FIG. 3 illustrates a construction of optical disc reproducing apparatus according to the present invention. 

10 An optical disc reproducing apparatus 1 rotates an optical disc 2 by means of a spindle motor 3. A pickup 4 is 
moved in a radial direction of the disc by a carriage motor 5. reads out information recorded on the optical disc 
2 to produce RF (Radio Frequency) signal Srf and supplies it to a pre-amplif ier 6. The pre-amplif ier 6 amplifies 
the RF signal Srp to be supplied to a decoder 7 and produces focusing error signal Spg and tracking error signal 
Ste to be supplied to a servo unit 8. The decoder 7 converts the RF signal Srf into binary signal, eliminates 

15 synchronizing signals and performs EFM demodulation to supply demodulated signal to a D/A converter 9, and 
generates spindle error signal Sse to be supplied to the servo unit 8. The spindle servo circuit of the servo unit 
8 controls rotation frequency of the spindle motor 3 by means of PLL circuit so that linear velocity or angular 
velocity of the rotation becomes constant. In addition, the servo circuit 8 controls position of an objective lens 
in the pickup 4 by focusing servo circuit, drives the objective lens finely in the radial direction of the optical 

20 disc 2 by tracking servo circuit, and maintains the objective lens at information reading position of a given track. 
Further, the servo unit 8 drives the caniage motor 5 by means of carriage servo circuit to transfer the pickup 
to a certain radial position of the optical disc 2, and let it stay there. The D/A converter 9 converts data supplied 
from the decoder 7 into an analog signal S^d and outputs It. The system controller 10 has memory for storing 
various data, and totally controls the performance of the optical disc reproducing apparatus 1. Adisplay/op- 

25 eratton unit 1 1 displays condition of the apparatus 1 , reproduction order of information, etc., and receives input 
of various information from user. 

FIG. 4 illustrates an optical system of the pickup 4. The pickup 4 includes a laser diode 20, a first photo- 
detector 21 , a laser control circuit 22, a collimator lens 23. a polarization prism (PBS) 25, a 1/4-wave plate 26, 
an objective lens 27, a second photodetector 24 and an amplifier 28. The laser diode 20 emits a laser light, 

30 and the first photodetector 21 monitors the outputted laser lightatthe front thereofand outputs detection signal. 
The laser control circuit 22 includes an automatic power control circuit (APC) 22A and controls power of the 
laser light emitted by the laser diode 20. The collimator lens 23 converts the laser light emitted by the laser 
diode 20 Into a convergent light. The PBS 25 guides the convergent light to the optical disc side, guides front- 
monitoring laser light to the first photodetector 21, and guides the light reflected by the optical disc 2 to the 

35 second photodetector 24. The 1/4-wave plate 26 produces optical path difference of 1/4 wave for mutually con- 
verting s-polarized light and p-polarized light, and the objective lens 27 converges the laser light from the 1/4- 
wave plate 26 on the optical disc 2. The second photodetector 24 receives the light reflected by the optical 
disc 2 and guided by the PBS 25, and converts it into an electric signal to be outputted. The amplifier 28 am- 
plifies the output signal of the second photodetector 24 and outputs it as a reproduced RF signal. 

40 Next, optical characteristics of the PBS will be described. 

(1) Decision of transmittance Tp: 

Firstly, lower limit of the transmittance Tpwill be examined. Maximum output power of laser diode currently 
45 In practfcal use is approximately 60mW. Assuming that recording power of optical disc requires at least 25mW, 
pickup efficiency (= transmittance Tp of p-polarized light) is required to be at least: 

25/60 = 41.7 [%]. 

in addition to this, loss of laser power due to optteal elements, and eclipse efficiency of the collimator lens and 
beam dividing ratio should be estimated. For example, assuming that the loss due to optical element is 15 [%], 
so ratio of main beam in three-beams is 83 [%] and other factors can be neglected, the transmittance Tp of p- 
polarized light at the PBS is required to be no less than 59.1 {%]. In practice, other factors affect the power of 
the laser beam and the loss due to the optical elements varies, it is necessary to decide the transmittance Tp 
to be no less than 60 [%]. 

Next, upper limit of the transmittance Tp will be examined. In the optical pickup 4, output power of the laser 
55 d iode 20 is monitored in front of it by the first photodetector 21 , in order to accurately detect output power thereof 
at the time of recording and reproducing and to stabilize the control by the laser control circuit 22A. This is 
referred to as "^ront monitoring method". In order to accurately detect output power by the front monitoring 
method, an S/N ratio is required to be more than a certain level. In this view, relationship between quantity of 
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light incident to the first photodetector 21 and S/N ratio (C/N ratio:Carrler to Noise ratio) will be examined. FIG. 
5 illustrates a relationship between quantity of light incident to the first photodetector 21 and S/N ratio. FIG. 
5 teaches that as the light quantity increases, the S/N ratio is improved. 

Noise generated in optical disc system can be classified into the following three groups: 
5 1) heat noise or amplifier noise which is constant and independent of quantity of light incident upon pho- 

todetecting element, 

2} disc noise or laser diode noise which is proportional to quantity of light incident upon photodetecting 
element, and 

3) shot noise (detector noise) which is proportional to a square-root of light quantity incident upon photo- 
10 detecting element. FIG. 6 is a diagram illustrating levels of these noises obtained by theoretical calculation. 

In FIG. 6, line 31 represents signal level, tine 32 represents total noise, line 33 represents disc or laser 
diode noise, line 34 represents shot noise and line 35 represents heat noise and amplifier noise. As seen 
from FIG. 6, shot noise 34 (proportional to a square-root of light quantity) is dominant in the first region 
where incident light quantity is small. In this region, as the light quantity increases, increasing rate of shot 
15 noise is reduced and hence C/N ratio is improved. However, in the second region where incident light quan- 

tity is larger, disc noise and laser diode noise (proportional to incident light quantity) are dominant and total 
noise becomes proportional to the light quantity. Therefore, In this second region, C/N ratio is constant 
and is not improved by increasing incident light quantity. Namely, even If the incident light quantity Is in- 
creased, improvement of S/N ratio has a certain limitation. 
20 Accordingly, assuming that incident light quantity of the first photodetector is required to be no less than 

0.1 5mW for correctly detecting output power of laser diode, based on FIGS. 5 and 6, by the from monitoring 
method, necessary p-polarized light reflectance Rp should satisfy: 

Rp^ 10[%]. 

under the condition that output power of the laser diode is 1 .5mW. If absorption of light by PBS is neglected, 
25 Tp = 100 - Rp [%], 

and therefore, 

Tp ^ 90 [%]. 



(2) Decision of transmlttance Ts: 

30 

Firstly, lower limit of transmittance Ts will be examined. When laser diode noise is large, recording and 
reproduction of information is affected by the noise. A laser diode currently in practical use for recording has 
a characteristic that when quantity of return light from the optical disc exceeds 1 0 [%], laser diode noise rapidly 
increases. Namely, when the light quantity of return light from the optical disc is lower than 10 [%], recording 

35 and reproduction is free from affection by noise. Accordingly, the following examination is directed as to how 
the return light quantity from the optical disc is suppressed to be lower than 10 [%]. 

Assuming that reflectance of optical disc is Ra, double refraction is 6, p-polarized light component emission 
intensity of laser diode is Iq. p-polarization transmittance of PBS is Tp, s-poiarization transmittance of PBS is 
Ts, p-polarization reflectance of PBS is Rp and s-polarlzation reflectance of PBS is Rs, incident light intensity 

40 I of optical disc is expressed by: 

I = Tp . lo . 

and p-polarized component and s-polarized component of return light from the optical disc are expressed by: 

p- polarized component: SIN2(5/2)-Ra-Tp lo , and 
s - polarized component: COS2(6/2)-RaTp-lo . 
45 Accordingly, p-polarized component and s-polarized component of return light again passing the PBS toward 
the laser diode are expressed by: 

p - polarized component Tp*SIN2(6/2) Ra-Tp-lo, and 
s - polarized component: Ts COS2(6/2) Ra Tp lo - 
Therefore, total quantity Ild of return light to the laser diode is expressed by: 
50 Ild = TpSIN2(5/2).Ra.Tp.lo + TsCOS2(8/2).RaTplo. 

Accordingly, return light quantity Ildo ^ the laser diode in a case where double refraction 5 = 0 [deg] is ex- 
pressed by: 

Ldo ~ Ts Ra-Tp Io, 

and return light quantity to the laser diode in a case where double refraction 5 = 60 [deg] is expressed 
55 by: 

Itoeo = Tp.(1/4)Ra.Tp.lo + Ts(3/4).RaTp.lo = (1/4).RaTp.lo-(3.Ts + Tp). 
Accordingly, in order to suppress variation of return light quantity I^d due to double refraction to be no more 
than 10[%], 
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iLD0/lLD60^(100 + 10)/ 100. 

should be satisfied and therefore, 

Ildo/Ild6o = (3TS + Tp)/(4.Ts)^1.1 , 
should be satisfied. By solving this, the following relation is obtained: 

Ts^0.71.Tp. 

When the lower limit value of p-polarized transmittance Tp (60 [%] ^ Tp) is applied to the above relation. 

42.6 [%] ^ Ts, 

is obtained, and it is approximated as: 

43 [%] ^ Ts. 

The above examination is directed to a case where double refraction 6 = 60 [deg]. However, actual double re- 
fraction is less than this value and therefore return light quantity Ild to the laser diode is smaller than the above 
value. 

Next, upper limit of the transmittance Ts will be examined. Assuming that upper limit of power of reproduced 
light, irradiated on the optical disc, which does not destroy recorded information in reproduction is 1 .5mW, lower 
limit of power of reproduced light at the second photodetector is 0.1 5mW and reflectance of optical disc is 70 
[%], only s-polarized light component of return light fnDm the optical disc is guided to the second photodetector. 
Accordingly, conditions of reflectance Rs and transmittance Ts are as follows: 

0.15^1.5 X 0.7 X Rs, 
14 [%] g Rs. 

and accordingly, 

86 [%] ^ Ts. 

As a result of the above examinations, ranges of the p-polarized light transmittance Tp, s-polarized light 
transmittance Ts. p-polarized light reflectance Rp and s-polarized light reflectance Rs of PBS are expressed 
as follows: 

60 [%] ^ Tp ^ 90 [%]. 
14 [%] ^ Rs ^ 57 [%]. 
43 [%] ^ Ts ^ 80 [%], and 
10[%]^Rp^40[%]. 

Next, optical characteristics of PBS will be examined in more detail. Now, quantity of light emitted by the 
laser diode and guided to the second photodetector 24 and quantity of light returns to the laser diode 20 will 
be calculated using Jones-vector. Electric field component [Ex, Ey] of laser light incident upon the optical disc 
is expressed as (provided that p = -1): 



COSQ^' 



(1) 



In this case, assuming that the optical disc has double refractfon 8, electric field component [Exi, Eyi] of light 
reflected by the optical disc is expressed as: 







exp(j8/2) 0 










0 exp 04/2) . 







-12) 



Electric field component [Ex2, EyJ in consideration of 1/4-wave plate (i.e., rotation matrix of 45 [deg] is added) 
is expressed as: 
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(3) 



By calculating the equation (3), the following equation is obtained: 
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exp(j6/2) 0 
0 exp 0*5/2) 



(4) 



and electric field component [Exa, Eya] of reflected light in a case where the double refraction of the optical 
disc Is oriented to a direction rotated by 82 from both X-axis and Y-axis is expressed as: 



10 













E12 












Ey2 



(5) 



If the pickup is oriented to a direction where the PBS is most largely affected by the double refraction of the 
15 optidal disc, the relationship: Gi = 82 = ic/4 holds. By applying the equations (1) and (4) to the equation (5), the 
following equation obtained: 
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When each of the above components Ex and Ey is expressed by power components 1x3 and Iy3. the component 
[1x3. Iy3] can be expressed as (provided that (IqP = Eo): 



(7) 



This equation (7) teaches that the quantity of light reflected by the optical disc is a function of the double re- 
fraction of optical disc substrate. 

Next, quantity Ipo of light receh^ed by the second photodetector and quantity Ild of light return to the laser 
diode will be obtained In consideration of factor of PBS. The received light quantity Ipo is quantity of light re- 
flected by the PBS and the return light quantity Ild is quantity of light transmitted through the PBS, and there- 
fore the quantities Ipo and Ild are expressed as follows using the p-polarized light transmittance Tp [%1. the 
S'polarized light transmittance Ts [%], p-polarized light reflectance Rp [%] and s-polarized light reflectance Rs 



40 
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<8) 



45 By applying the values Ts (= Rp = 0 [%]) and Tp (= Rs = 100 [%]) to the equation (8), light quantities Ird and 
Ild of completely polarizing optical system are obtained, and by applying the values Ts (= Tp) and Rs (= Rp) 
to the equation (8). light quantities Ipo and Ild of non-polarizing optical system are obtained. FIG. 7 illustrates 
received quantities Ipo and return light quantity Ild calculated, according to the equation (8), for the polarizing 
optical system according to the present invention and a conventional completely polarizing optical system. In 

50 FIG. 7, line 36 represents light quantity IpD of received light according to the conventional optical system, line 

37 represents light quantity IpD of received light according to the optical system of the present invention, line 

38 represents quantity Ild of return light according to the conventional optical system and line 39 represents 
quantity Ild of return light according to the optical system of the present invention. FIG. 8 is a partially-enlarged 
view of FIG. 7. Values illustrated in FIGS. 7 and 8 are calculated under a condition where optical characteristics 

55 of PBS in polarizing optical system of the present invention is assumed as follows: 

Tp = Rs = 70 [%], and Ts = Rp = 30 [%J. 
In FIGS. 7 and 8, the horizontal axis represents phase contrast ([deg]) of two refracted lights, and the vertical 
axis represents an absolute light quantity obtained when maximum value (= Iq) of the quantity of received light 
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IpD is assumed to be 100 [%]. It is noted that. In the calculation, only effects of double refraction are considered 
and attenuations due to reflection of light by the optical disc Is neglected. As seen from FIG. 7. the conventional 
completely polarizing optical system receives only the s-polarized -light by the photodetector. and therefore 
received light quantity varies within the range of 0 [%] - 100 [%]. On the contrary, the polarizing optical system 
according to the present invention can receive both of the p-polarized light and the s-polarized light of reflected 
light whose dependencies on the double refraction is different from each other, and therefore received light 
quantity of the photodetector ranges 40 [%] - 1 00 [%]. In this view, It is unnecessary to increase amplitude of 
amplifier which amplifies output signal of the photodetector. and thereby the system is free from effects of 
noise and is stabilized. 

Next, a case where the efficiency of the PBS (= Tp) is varied will be examined. FIG. 9 Illustrates variation 
of the received light quantity Ipo according to the variation of the efficiency of the PBS in the case where the 
double refraction of the optical disc is 60 [deg]. In FIG. 9. light quantity Ipp of received light when the optical 
disc has no double refraction (double refraction = 0 [deg]) Is assumed to be 100 [%]. In this case, the following 
equation holds: 

Rp = Ts = 100 - Tp[%]. 
Here, assuming that I© = 1, the following equation is obtained using the equation (8): 

IpD = {Rs-C0S2(6/2) + Rp.SIN^(6/2)}/100 

« CRs»C0S2(6/2) + (100 - Rs)-SIN^(6/2)}/100 (9) 

Using the equation (9). light quantity lodeg of received light when the double refraction 6 = 0 and light quantity 
leodeg of received light when the double refraction 6 = 60 are obtained as follows: 

lodeg = Rs/100 (10) 



leod^g = C0.75RS + 0.25-(100 - Rs ) } / 100 

« {0.5RS + 25} / 100 .•.(11). 



FIG. 9 Illustrates a ratio, in percentage, of a difference (reduced component) between light quantity Ioobq and 
light quantity leodeg to the maximum value Iq of the received light. This Is represented as follows: 

(>Odeg - l60deg)/«0 = 0.5 - 25/RS (12). 

In FIG. 9, the case where the efficiency of the PBS is 50 [%] corresponds to the conventional non-polarizlng 
optical system, and the case where the efficiency is 100 [%] con-esponds conventional completely polarizing 
optical system. Namely, between the non-polarizing optical system and the completely polarizing optical sys- 
tem, the ratio of the difference between light quantity lodeg and light quantity ieodea to the maximum value In 
varies within the range of 0 [%] - 25 [%]. 

Next, relationship between the efficiency of PBS (= Tp) and quantity Ild of return light to the laser diode 
will be examined. FIG. 10 illustrates variation of light quantity Ild according to the variation of the efficiency 
of the PBS (= Tp). In FIG. 10. line 40 represents a case of using conventional non-polarizlng optical system, 
line 41 represents a case of using polarizing optical system of the present invention having double refraction 
6 = 60 [deg], and line 42 represents a case using polarizing optical system of the present invention having dou- 
ble refraction 8 = 0 fdeg]. The return light quantity Ild Is obtained as follows using the equation (8): 

Ild = {TsCOS2(5/2) + Tp.SIN2(5/2)}-lo/100 (13) 
Here, assuming that output power of the laser diode is 1 00 the maximum value lo of the received light quan- 
tity IpD is restricted by the t ransmlttance of the PBS . Since the output light from the laser diode includes 1 00[%] 
of p-polarized light, the following equation is obtained: 

lo = Tp[%]. 

In addition, assuming that the reflectance of the optical disc is 40 [%J. the equation (13) can be modified as 
foiiows: 

Ild = {Ts.COS2(6/2) + Tp SIN2(6/2)}.0.004Tp [%] (14) 
Since the s-polarization transmittance Ts is equal to the p-polarizatlon transmlttance Tp (I.e., Ts = Tp) In the 
non-polarizlng optical system, the return light quantity Ild is obtained as follows: 

Ild = 0.004Tp2 (15) 

In the polarizing optical system of the present Invention, assuming that Tp = Rs and Rp = Ts = 100 - Tp [%]. 
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the equation (14) can be modified as follows: 

Ilo = {Tp SIN2(6/2) - Tp.COS2(6/2) + 100 008^8/2)} x 0.004Tp [%] (16) 
When 6 = 60 [deg] is applied to the equation (16), as an exenr^plary case where the optical system has double 
refraction, the following equation is obtained: 

5 Ild = -0.002Tp2 + 0.3Tp (17). 

Similarly, when 5 = 0 [deg] is applied to the equation (16), as an exemplary case where the optical system 
has no double refraction, the following equation is obtained: 

Ild = -0.004Tp2 + 0.4Tp (18). 
FIG. 10 illustrates the relationships of the return light quantity Lljd with respect to the efficiency of the PBS 

10 (Tp) defined by the equations (15), (17) and (18). In FIG. 10, line 40 represents the relationship defined by 
the equation (15), line 41 represents the relationship defined by the equation (17) and line 42 represents the 
relationship defined by the equation (18). It is noted that, in FIG. 10, the difference 43 represents variation of 
light quantity Ild due to the variation of the double refraction. As seen from FIG. 10, it is preferable that the 
efficiency (= Tp) of the PBS is approximately 70 [%] where the return light quantity Ild is less than 1 0 [%] and 

15 variation of the return light quantity Ild due to the variation of double refraction is relatively small. 

FIGS. 1 1 A and 1 1 B illustrate operation of optical system in which efficiency of PBS is 70 [%]. As illustrated 
in FIG. 11A, when optical disc has no double refraction, a light incident upon photodetector includes 70 [%] of 
reflected light of s-polarization and 30 [%] of reflected light of p-polarization. Namely, substantially 100% of 
light, in total, emitted by laser diode is incident upon the photodetector. In contrast as illustrated in FIG. 11B, 

20 when optical disc has double refraction whose phase contrast is 60 [deg], a light incident upon the second 
photodetector is 86 [%] (see. FIG. 8) of reflected light of s- and p-polarizatton, and 14% of light returns to the 
laser diode. It is noted that the phase contrast of dou ble refraction of optical disc is less than 60 [deg] in practice, 
and therefore the above values are satisfactory for practical use. FIG. 11C illustrates quantity of light incident 
upon photodetector utilizing envelop of RF signal detected in order to visualize the variation of the light quantity 

25 described above. By comparing these results with those shown in FIGS. 2A to 2C, it is recognized that, ac- 
cording to the optical system of the present invention, light quantity returns to the laser diode is reduced and 
light quantity received by the photodetector is increased. Thereby, S/N ratio may be improved and recording 
and reproducing operation may be stabilized. 

As described above, according to the present invention, the optical pickup produces output signal on the 

30 basis of both p-polarized light and s-polarized light Therefore, the optical pickup of the invention is hardly af- 
fected by double refraction of optical disc and can decrease laser diode noise by reducing light quantity return 
to the laser diode, thereby stabilizing recording and reproduction. 



35 Claims 

1. An optical pickup characterized by: 

a laser diode (20) for emitting p-polarized light, the laser diode comprising unit (21 , 22, 25) for con- 
trolling output power of the p-polarlzed light by detecting power of the emitted light in front thereof; 
40 a photodetector (24) for receiving a laser light and outputting a signal corresponding to quantity of 

the laser light received; 

a polarization (25) prism for transmitting and guiding the emitted light to an optical disc (2) on which 
informatton is recorded by applying heat thereon, and for reflecting and guiding at least a portion of the 
light reflected by the optical disc to the photodetector, said optical pickup substantially satisfying the fol- 
45 lowing conditions: 

((RPm,n/LDPmax)/OPloss) x 100^Tp[%l, 
(LPmon/LDP) X 100^Rp[%l, 
(PPmin/(PPmax X Ra)) x 100^Rs[%]. 
Rp = 100 - Tp[%l,and 
50 Ts = 100 - Rs, 

wherein p-potarized light transmittance of the polarization prism is Tp [%], s-polarized light transmittance 
of the polarization prism is Ts [%], p-polarized light reflectance of the polarization prism is Rp [%1, s-po- 
larized light reflectance of the polarization prism is Rs [%], maximum output power of the laser diode is 
LDPMAx[niW], minimum recording power of the optical disc is RPmin [h^VV], estimated lossfactor of optical 
55 syst^ (23, 25, 26, 27) of the optical pickup is OPloss> ^9^1 quantity detected by the output power control 

unit is LPmon [mW], normal output power of the laser diode is LDP [mW], maximum power of light irradiated 
on the optical disc during reproduction is PPmax [mW], reflectance of the optical disc is Ra [%] and mini- 
mum power of light irradiated on the optical disc during reproduction is PPmin [nnW]. 
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An optical pickup according to claim 1. further satisfying the following condition: 

Iux)/Ild5^(100 + X)/100, 
wherein double refraction of the optical disc is 6, p-polarized light component emission intensity of the 
laser diode is lo. variation ratio of light quantity returning to the laser diode due to double refraction is X 
[%], light quantity of light returning to the laser diode in a case where the double refraction 6 = 5 [deg] Is: 

Ild6 = Tp.SIN2{5/2).RaTp lo + Ts COS2(5/2).Ra.Tp lo, 
and light quantity of light returning to the laser diode In a case where the double refraction 6 = 0 [deg] is: 

Ildo = TsRaTplo. 

An optical pickup characterized by: 

a laser diode (20) for emitting p-polarlzed light, the laser diode comprising unit (21. 22. 25) for con- 
trolling output power of the p-polarlzed light by detecting power of the emitted light in front thereof; 

a photodetector (24) for receiving a laser light and outputting a signal corresponding to quantity of 
the laser light received; 

a polarization prism (25) for transmitting and guiding the emitted light to an optica! disc (2) on which 
information is recorded by applying heat thereon, and for reflecting and guiding at least a portion of the 
light reflected by the optical disc to the photodetector, said optical pickup substantially satisfying the fol- 
lowing conditions: 

60 [%] ^ Tp ^ 90 [%]. 
14 [%] ^ Rs [%]. 
Rp = 100 - Tp[%],and 
Ts = 100 - Rs. 

wherein p-polarized light transmlttance of the polarization prism is Tp [%], s-polarized light transmittance 
of the polarization prism is Ts [%], p-polarized light reflectance of the polarization prism is Rp [%] and s- 
polarized light reflectance of the polarization prism is Rs [%]. 

An optical pickup according to claim 3. further satisfying the following condition: 

Rs ^ 57 [%]. 



10 



BP 0 671 732 A1 



F/G./ 

PRIOR ART 

TO DISC 
Tp=Ts j 

TO PHOTODET ECTOR 
Rp=Rs 

I 

FROM LASER DIODE 



11 




EP 0 671 732 A1 



CD* 



K 
Ct 

Q: 

o 
a. 




e) 



0: 

Q: 
o 

CL 



o 

Q 
o 




LU 



CM 
CD 



o 
a. 



o 

Q 




12 



EP 0 671 732 A1 




13 



EP 0 671 732 A1 



r/G.4 




14 



EP 0 671 732 A1 




Fl G.6 




1st REGION-*^ 2nd REGION 

SMALL-. INCIDENT LIGHT LARGE 

QUANT I TY 



EP 0 671 732 A1 




EP 0 671 732 A1 



Fl G.8 



100 




PHASE CONTRAST (deg) 



EP 0 671 732 A1 



q: 
< 




o< 
a. o 



i%) NOIiVIUVA 



OQ- 

z o 



18 



EP 0 671 732 A1 




i%) AiiiNvno iHon 



19 



EP 0 671 732 A1 



o 

CD' 

QQ 
S 

s 




a. 
o 



LU 



CO 
Q 




az ^ 

LU 

CO II 

<: LU </) 

o -h 

. O — Q. 
I— Q »— 

_ QC UJ 
S LU Q 
O CO O 

cr < — 

U I Q 



o 

CO 
Q 
o 




20 



EP 0 671 732 A1 




European Patent 
Office 



EUROPEAN SEARCH REPORT 



ApplicMioo Nnmbcr 

EP 95 30 1367 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of dooimextt whti tndicadeii, where appropriate, 
of reievant pagages 



Relevant 

to t 



CLASSmCATION OF THE 
APPUCATION (Int.CL6) 



US-A-4 721 850 (SAKAI MITSUGU ET AL) 26 
January 1988 

* column 1 - column 3; figures 2,3 * 

US-A-5 073 879 (ANDO HIDEO ET AL) 17 
December 1991 

* abstract * 

* column 6, line 58 - column 7, line 12; 
figure 5 * 

US-A-4 973 836 (MATSUOKA KAZUHIKO) 27 
November 1990 

* column 7, line 47 - column 15, line 17 * 

US-A-4 627 688 (KOBAYASHI TAKESHI ET AL) 
9 December 1986 

* column 1 - column 2 * 



1,3 



1,3 



1,3 
1,3 



The present search report has been drawn up for all 



G11B7/135 



TECHNICAL FIELDS 
SEARCHED (iBtCLfi) 



GllB 



Place •/ cevcfc 

THE HAGUE 



16 June 1995 



Holubov, C 



CATEGORY OF CITED DOCUMENTS 

X : pardoilmriy rdevmot tf taken alone 

Y : particularly ndevant H oomMaed with another 

docunwnt of the same category 
A : techoological backgroantf 
O : Boo-arlttai disdosure 
P : intenecdiate toeumcat 



T : theory or pnadple esderfyfog the iBvestioa 
E : eailiv patat docomeot, but pubOsbed oa, oi 

after the ftting date 
D : doouBi«if dted Id the appHcadoa 



of the tame pateat ftmQy, correspoadiBg 



21 



I 



we PAGE BUNK 



(USPTO) 



